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ABSTRACT
Data from most dialysis registries suggest that advanced age is associated with poor outcome in
dialysis patients. However, it may simply be the result of higher prevalence of coexisting medical
conditions in this group of patients. We performed a retrospective study to examine this hypothesis.
We identified 44 continuous ambulatory peritoneal dialysis (CAPD) patients of age over 65 (the
geriatric group) and 127 patients of age between 50 to 64 (the control group). Their nutritional
status, duration of hospitalization, peritonitis rate, 2-year patient and technique survival were
compared. Patients of geriatric group had higher prevalence of diabetes, cardiovascular disease,
and requirement of helper for dialysis procedure than the control group. Geriatric group had lower
normalized protein catabolic rate (nPCR) (0.81 +0.16 vs 0.91 +0.18 g/kg/day, p < 0.005) and
percentage of lean body mass (%LBM)  (54.7 +10.1 vs 61.3 +10.2, p < 0.005). They had marginally
lower 2-year patient survival (72.6% vs 82.8%, p = 0.08) and technique survival (68.8% vs 79.4%,
p = 0.15). Hospitalization and peritonitis rate did not differ between groups. Furthermore, requirement
of helper for dialysis procedure was the major confounding factor. Patients who need helper had
significantly lower 2-year actual survival (58.0% vs 86.0%, p < 0.02) and technique survival (54.1%
vs 82.6%, p < 0.01). They stayed in hospital longer (median 13.1 versus 4.4 days/year, p < 0.01).
Multivariate analysis showed that requirement of helper and diabetic status, but not age, were
independent factors affecting patient and technique survival; requirement of helper, diabetic status,
and duration on dialysis were independent factors predicting hospitalization. We conclude that
age is not an important factor determining morbidity and mortality of CAPD patient. Requirement
of helper for dialysis procedure, which probably represents a poor overall functional status, is a
more important factor predicting outcome. Elderly patients should not be excluded from dialysis
program by advanced age alone.
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INTRODUCTION
The proportion of elderly in general population is
increasing. Similar trend is observed in patients treated
with long-term dialysis. Data from the United States
Renal Data System (USRDS) shows that in near future
over 60% of the end-stage renal disease patients in the
US will be over the age of 60 (1). The choice of dialysis
modality for elderly patient was often a difficult clinical
decision (2,3). In this respect, continuous ambulatory
peritoneal dialysis (CAPD) offers many potential
advantages, such as improved hemodynamic stability (4).
Worldwide experience also suggests satisfactory patient
tolerance to CAPD as long-term renal replacement
therapy (5-7).
In many developing countries, the availability of dialysis
is limited because of financial constraint. As a result,
many elderly renal failure patients are excluded from
dialysis program because of their high mortality and
technique failure rate (8). However, it remains unproven
whether the poor outcome in elderly dialysis patients is
a result of age per se or coexisting medical conditions,
such as diabetes and cardiovascular disease. For example,
a recent study finds that functional status and severity of
comorbid conditions are more important than age in
predicting survival and morbidity of dialysis patients (9).
As a result, we performed a retrospective study of 44
elderly CAPD patients of age over 65. Their 2-year
outcome was compared with 127 CAPD patients of age
between 50 and 64, after correction for dialysis adequacy
and various comorbid conditions. One of our primary
objectives was to distinguish the effects of coexisting
medical diseases from age on patient outcome.
PATIENTS AND METHOD
Patient Selection
We identified 44 CAPD patients of age above 65 who
were under the care of our unit on 1 January 1997; they
were designated as the geriatric group. Another 125
patients of age between 50 to 64 were identified and
designated as the control group. The age 50 was chosen
because patients over this age at the time of initiation of
dialysis were excluded from transplant waiting list in
Hong Kong. We excluded those patients who were
referred out from our unit within 6 months. Patient
outcome was determined in subsequent 2 years. Some
of these patients have been reported in our previous cross-
sectional study of dialysis adequacy (10).
Data Collection
We reviewed baseline data including age, sex, underlying
renal disease, CAPD regimen, connection system,
duration on dialysis, body height, requirement of helper
for dialysis exchanges, hepatitis status, presence of
diabetes mellitus and history of cardiovascular disease.
Cardiovascular disease was defined as a history of
previous myocardial infarction, angina, amputation for
vascular disease, cerebrovascular accident, or class III
to IV congestive heart failure.
During the 2 years of follow-up period, clearance studies
were performed at least yearly by 24-hour dialysate and
urine collections. The method of clearance study has been
reported previously (10). Adequacy of dialysis was
estimated by measurement of total weekly Kt/V by
standard method (11). Contribution by peritoneal dialysis
(PD) was individually calculated. Residual glomerular
filtration rate (GFR) was calculated as average of 24-
hour urinary urea and creatinine clearance as described
by Nolph (12). Protein catabolic rate (nPCR) was
calculated by the methods described by Randerson et al
(13) and normalized to standard body weight (total body
water/0.58). Total body water (V) was determined by
Watson's formula (14). Percentage of lean body mass
(%LBM) was determined from creatinine kinetics
according to Forbes and Brunining (15). Serum albumin
concentration, %LBM, and nPCR were taken as markers
of nutrition.
Clinical outcomes in this study included patient mortality,
technique failure, peritonitis episodes and days of
hospitalization for all causes. Technique failure included
all deaths and cases transfer to long-term hemodialysis.
Conventional intermittent PD was no longer used as long-
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term renal replacement therapy in our center. The
duration of follow-up and total number of days
hospitalized were used to calculate days hospitalized per
month of follow-up.
Statistics
Statistical analysis was performed by SYSTAT 7.0 for
Windows software (SPSS Inc., Chicago). Results were
expressed as mean +SD unless otherwise stated. Baseline
demographic, nutritional and adequacy data between
geriatric and control group were compared by Chi-square
test, Student's t test, Fisher's exact test or Mann-Whitney
U test as appropriate. Patient and technique survival
between groups were compared by Cox proportional
hazards model (16), using patient group and helper status
as stratifying variable as well as backward stepwise
elimination for multivariant analysis. Because the data
were significantly skewed, Mann-Whitney U test was
used to compare duration of hospitalization and
peritonitis rate, and log-linear model was used to analyze
independent predicting factors (17). All probabilities
were two-tailed.
RESULT
Demographic Data
There were 44 patients in geriatric group and 125 patients
in control group. They were followed for 736 and 2453
patient-months respectively. Baseline demographic data
were shown in table 1. There was no significant
difference in sex and body size between the two groups
of patients. Underlying renal diagnoses and prevalence
of major comorbid factors were shown in table 2.
Geriatric group of patients had significantly higher
prevalence of diabetes (50.0% vs 30.4%, p < 0.05),
cardiovascular disease (45.5% vs 28.0%, p < 0.05), and
requirement of helper for dialysis exchange (36.4% vs
14.4%, p < 0.005) (Table 2). There was also a trend of
more diabetic nephropathy (38.6% vs 24.0%) and
hypertensive nephrosclerosis (20.5% vs 8.8%) as the
underlying renal diagnoses in geriatric group, although
the difference did not reach statistical significance.
Baseline dialysis adequacy and nutritional status were
shown in table 3. There was no significant difference in
weekly total Kt/V, residual renal function and serum
albumin level between geriatric and control group.
However, geriatric patients had lower nPCR (0.81 +0.16
vs 0.91 +0.18 g/kg/day, p < 0.005) and %LBM (54.7
+10.1 vs 61.3 +10.2 %, p < 0.005) than those in control
group.
Patient and Technique Survival
Two-year patient and technique survival of geriatric
group were 72.6% and 68.8% respectively, and that of
control group were 82.8% and 79.4% respectively.
Kaplan Meier curves of actual patient survival and
technique survival for these two groups were shown in
figure 1A and 1B respectively. Geriatric group had
Table 1. Baseline demographic data.
Patient group Geriatric Control P value
No. of patient 44 125
Sex (M:F) 18:26 69:56 NSa
Age (years) 69.1 +3.7 58.1 +4.2 < 0.0001b
Duration of dialysis
   (months)
   Mean +SD 17.5 +13.7 22.3 +21.6 NSb
   Median 12 13
Body height (m) 1.57 +0.08 1.60 +0.09 NSb
Body weight (kg) 60.7 +10.0 60.2 +8.7 NSb
Data were compared by aChi-square test and bStudent's t-test.
Table 2. Diagnosis and comorbidity.
Patient group Geriatric Control P value
No. of patient 44 125
Causes of renal failure [no. of cases (%)] NSa
Glomerulonephritis 7 (15.9%) 31 (24.8%)
Diabetes 17 (38.6%) 30 (24.0%)
Polycystic 1 (2.3%) 7 (5.6%)
Nephrosclerosis 9 (20.5%) 11 (8.8%)
Stone 2 (4.5%) 6 (4.8%)
Others/unknown 8 (18.3%) 40 (32.0%)
Diabetes, no. of cases (%) 22 (50.0%) 38 (30.4%) < 0.05b
CVD, no. of cases (%) 20 (45.5%) 35 (28.0%) < 0.05b
HBsAg positive, no. of cases (%) 2 (4.5%) 12 (9.6%) NSa
Require helper, no. of cases (%) 16 (36.4%) 18 (14.4%) <0.005b
Disconnect system, no. of cases (%) 32 (72.7%) 92 (73.6%) NSb
Data were compared by aFisher's exact test and bChi-square test.
CVD = Cardiovascular disease; HBsAg = Hepatitis B surface antigen
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marginally worse patient and technique survival than
control group, but the result was not statistically
significant (p = 0.08 and p = 0.15 for patient and
technique survival respectively).
Subsequent analysis found that the effect of patient group
on survival was largely confounded by the status of
requirement of helper for dialysis exchanges. Patients
who required helper for their dialysis had significantly
worse 2-year actual patient survival (58.0% vs 86.0%, p
< 0.02) (Fig. 1C) as well as technique survival (54.1%
vs 82.6%, p < 0.01) (Fig. 1D) than those who did not
need helper. Multivariant analysis also showed that
requirement of helper (RR 2.30, 95% CI 1.40-3.22) and
Figure 1. Kaplan-Meier estimates of patient and technique survival in 2 years. A., Patient survival stratified by patient group; B., Technique
survival stratified by patient group; C., Patient survival stratified by helper status; D., Technique survival stratified by helper status. See text
for description.
A C
B D
Table 3. Baseline dialysis adequacy and nutritional status.
Patient group Geriatric Control P value
No. of patient 44 125
Kt/V (total, weekly) 1.74 +0.41 1.78 +0.40 NSa
Kt/V (peritoneal) 1.41 +0.35 1.48 +0.34 NSa
Residual GFR (ml/min/1.73m2)
Mean +SD 1.63 +1.67 1.48 +1.50 NSb
Median 1.36 1.06
Serum albumin (g/L) 27.3 +5.0 27.8 +4.2 NSa
nPCR (g/kg/day) 0.81 +0.16 0.91 +0.18 <0.005a
%LBM 54.7 +10.1 61.3 +10.2 < 0.005a
Data were compared by aStudent's t test and bMann-Whitney U test.
nPCR = Normalized protein catabolic rate; %LBM = Percentage of lean body mass
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diabetic status (RR 2.06, 95% CI 1.18-2.89), but not age
or patient group, were independent factors affecting
patient and technique survival.
Hospitalization
There were a total of 721 and 2456 days of hospitalization
for geriatric and control group respectively during the
study period. Hospitalization rate was 11.8 and 12.0 days
per patient per year of follow-up for geriatric and control
group respectively. Median length of hospitalization for
geriatric and control group were 6.4 and 6.1 days per
patient per year of follow-up. The difference was not
statistically significant (Mann-Whitney U test, p = 0.56).
Because of the significant confounding effect by helper
status on survival, we went on to examine its effect on
hospitalization. Patients who required helper for their
dialysis stayed in hospital longer than those who did not
require helper (median stay 13.1 vs 4.4 days per year of
follow-up, Kruskal Wallis test p < 0.01). Multivariant
analysis confirmed that requirement of helper (RR 1.69,
p < 0.01), diabetic status (RR 1.55, p < 0.02) and duration
on dialysis (RR 1.02 per month, p < 0.05), but not age or
patient group, were independent factors predicting
hospitalization.
Peritonitis Rate
There were 43 episodes of peritonitis in geriatric group,
and 155 episodes in control group during the study
period. Peritonitis rate was one episode per 17.1 and 15.8
patient-months for geriatric and control group
respectively, which is not different statistically.
Multivariant analysis with log-linear model found that
only baseline serum albumin level (RR 0.96 RR1.69/g/
L, p < 0.05), but not patient age or requirement of helper
for dialysis, was an independent factor predicting
peritonitis rate. There is also a significant correlation
between peritonitis rate and hospitalization (Spearman's
test r = 0.38, p < 0.05).
DISCUSSION
In this study, we found that age had only minimal effect
on patient mortality and morbidity. Requirement of helper
for dialysis outweighs age as a more important predictor
of patient outcome, both in terms of patient survival and
hospitalization. In fact, with multivariant analysis, helper
status remains an independent factor predicting patient
mortality and morbidity. The effect of age disappears
after correction for diabetes and helper status. This result
agrees with the observation recently reported by Chandna
et al (9).
The explanations for the effect of helper on patient
outcome can only be speculated. It is possible that helpers
may not perform dialysis exchanges optimally. They may
be less compliant to aseptic technique and more likely
to omit exchanges. However, neither patients in geriatric
group nor those require helper had higher peritonitis rate.
Therefore, this hypothesis is unlikely.
We believe that the requirement of helper for dialysis
exchange is a surrogate marker of poor functional status
of the patient. It is now well proven that overall functional
status of patient is an independent factor associated with
outcome in dialysis patients (9,18). Aggressive
rehabilitation program has also been suggested to
improve outcome of dialysis patients (19,20). However,
because of the retrospective nature of this study, we did
not access the functional status of individual patient by
established indices such as the Karnofsky performance
score (21).
Despite similar body built and dialysis adequacy, nPCR
and %LBM were lower than those in control group. We
did not, however, find any difference in serum albumin
level between geriatric and control group. The reason of
this discrepancy is not certain. It is possible that lean
body mass decreases with age even in the normal
population and this occurs independent of nutritional
status. It should be noted that serum albumin level in
our unit was measured by bromcresol purple method,
which tends to provide a lower result (22). It is difficult
to tell whether the differences in %LBM and PCR
represent a true difference in nutritional status or age-
related change per se.
There are several potential reasons for the difference in
nutritional status. Geriatric group had higher prevalence
of diabetes, a well-established independent risk factor
of malnutrition (23). However, the difference persists
even after we correct for diabetic and helper status.
Elderly patients are generally less active in physical
exercise and consequently have lower muscle mass
(19,20). Many of them are also financially and socially
deprived, which are proven factors of reduced dietary
intake and malnutrition (24). However, whether
malnutrition can lead to subsequent adverse clinical
outcome is somewhat speculative. Experience from
hemodialysis patients suggests a delayed effect of up to
2 years (25). Our study does not have adequate power
and follow-up duration to examine this possibility.
It is important to note that the definition of "elderly" or
"geriatric" patient is highly arbitrary. Reported series of
dialysis in elderly use definitions ranged from age over
60 (26,27) to age over 75 years (28). We used an age of
65 because most local epidemiological studies use it as
the definition of elderly. As the general population is
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aging, this definition may need modification in the future.
Because of the retrospective nature of the study, patients
in the control group were not selected by adjustment of
defined comorbid conditions (e.g. diabetes and
cardiovascular disease). We included all eligible cases
between the age of 50 to 64 as controls. As a result, data
between groups were not strictly comparable but
represented our current clinical practice. The higher
prevalence of diabetes, cardiovascular disease, and
requirement of helper for dialysis in the geriatric group
is expected. We used an age of 50 as the lower limit of
our control group because patients over this age are not
included into the transplantation waiting list in our
locality.
It is important to note that in our locality, PD is the first
line renal replacement therapy for any patients who are
first recruited into renal replacement therapy program.
As a result, physician bias in the choice of dialysis
modality does not exist. It provides an excellent
opportunity for us to examine the outcome of PD in
elderly patients. The choice of dialysis modality in the
elderly has been extensively reviewed (1-3) and will not
be elaborated here.
CONCLUSION
In conclusion, we found that age is not an important factor
determining morbidity and mortality of elderly CAPD
patient, although these patients are more prone to
malnutrition. Requirement of helper for dialysis
procedure, which probably represents a poor overall
functional status, is a more important factor predicting
outcome. Elderly patients should not be excluded from
dialysis program by advanced age alone. Health care
providers should assess the overall physical condition
of the patient during the decision of long-term dialysis.
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